K aposi sarcoma associated herpesvirus (KSHV), also known as human herpesvirus 8 (HHV-8), was initially discovered in tissue biopsies of AIDS related Kaposi sarcoma, 1 a tumour consistently infected by this virus. In addition to Kaposi's sarcoma, KSHV/HHV-8 is also associated with three distinct lymphoproliferative diseases occurring most often in patient with human immunodeficiency virus (HIV) infection/AIDS, 2 namely: primary effusion lymphoma (PEL), 3 multicentric Castleman disease (MCD), 4 and MCD associated plasmablastic lymphoma. 5 6 A new KSHV/HHV-8 associated lymphoproliferative disease, termed ''germinotropic lymphoproliferative disorder'', has recently been described in HIV seronegative patients. 7 ''Because of the morphological and immunophenotypical features of these large cell tumours, we propose that they should be classified as KSHV/HHV-8 associated lymphomas with anaplastic large cell morphology and plasmablastic immunophenotype'' Intriguingly, cases of KSHV/HHV-8 associated extracavitary lymphoma have been reported in HIV seropositive patients with serous effusions. 2 8-10 KSHV/HHV-8 associated extracavitary lymphomas have been reported before the development of an effusion lymphoma 8 and after the resolution of PEL. 11 These cases, also called ''solid PEL'', primarily involved extranodal tissue locations and had identical morphology, immunophenotype, KSHV/HHV-8 viral status, and immunoglobulin light chain gene rearrangements to their PEL counterparts. This group of KSHV/HHV-8 associated lymphomas in HIV seropositive patients with serous effusions might also include a recently reported case of syncronous presentation of a pleural cavity PEL and a tongue based KSHV/HHV-8 positive lymphoma. Both tumours displayed plasmablastic features. 12 The spectrum of KSHV/HHV-8 associated lymphoproliferative diseases in the HIV setting has been expanded by the identification of cases of KSHV/HHV-8 associated extracavitary lymphomas without serous effusions. 9 13-21 In general, these lymphomas are composed of a proliferation of immunoblastic-like cells, although in some cases the neoplastic cells show greater pleomorphism and anaplastic features. Among the KSHV/HHV-8 associated extracavitary lymphomas without serous effusions, a unique case simulating CD30 positive anaplastic large cell lymphoma in an HIV seropositive patient has recently been reported. 22 It was a lymph node based lymphoma resembling CD30 positive ALCL both histologically and immunophenotypically.
KSHV/HHV-8 associated lymphoproliferative diseases have also been reported in HIV seronegative patients. These lymphomas were mainly PEL. [23] [24] [25] [26] [27] [28] However, cases of KSHV/ HHV-8 associated extracavitary lymphoma have been reported in HIV seronegative patients with serous effusions. 28 29 Abbreviations: AQP3, aquaporin-3; CigG, cytoplasmic IgG; EBER, Epstein-Barr virus encoded small non-coding RNA; EBNA-1, EpsteinBarr virus nuclear antigen 1; EBV, Epstein-Barr virus; GRA, granzyme A; HHV-8, human herpesvirus 8; HIV, human immunodeficiency virus; ISH, in situ hybridisation; LMP, latent membrane protein; KSHV, Kaposi sarcoma associated herpesvirus; MCD, multicentric Castleman disease; ORF, open reading fragment; PEL, primary effusion lymphoma; SELPLG, selectin P ligand; VEGF, and vascular endothelial growth factor; vIL-6, viral interleukin 6
In our present report, we provide evidence for the existence of a previously undescribed KSHV/HHV-8 associated lymphoma in HIV seronegative patients without serous effusions. The reported lymphoma cases were extracavitary, with a predilection for the lymph nodes, and displayed anaplastic large cell morphology. Paraffin wax immunohistochemical studies showed that the tumour cells were strongly positive for the plasma cell reactive antibody MUM1/IRF4. 30 B and T cell associated antigens and other commonly used lymphoid markers were absent or weakly demonstrable in a considerable proportion of tumour cells. Unequivocally, these tumours were completely devoid of common cell type specific antigens, including epithelial and melanocytic cell markers. Because of the morphological and immunophenotypical features of these large cell tumours, we propose that they should be classified as KSHV/HHV-8 associated lymphomas with anaplastic large cell morphology and plasmablastic immunophenotype. These lymphomas may correspond to a distinct entity within the heterogeneous group of diffuse large B cell lymphomas with plasmablastic differentiation.
MATERIALS AND METHODS

Case reports
The two HIV seronegative patients with KSH/HHV8 associated lymphomas were aged 52 and 75 years. Table 1 summarises their demographic and clinical features.
Poor general conditions (PS3) and severe weight loss were seen in one patient (case 1). Advanced stage disease (stages III-IV) occurred in both patients.
Tumour localisation included both generalised lymphadenopathy and spleen involvement. One patient (case 1) also showed extranodal localisation including gastrointestinal tract and Waldeyer involvement. Bone marrow involvement was absent in both patients. Neither of the patients developed lymphomatous effusions.
An abnormal serum lactate dehydrogenase serum concentration, hypoalbuminemia, thrombocytopenia, anaemia, and KSHV/HHV-8 viraemia were found in the patient with more advanced stage disease (case 1). Both patients received anthracycline based treatment. However, the clinical course of these patients was variable. Patient 1 had aggressive and rapidly fatal disease. He died after one course of chemotherapy for disease progression (survival, two months). At the time of this report, patient 2 is alive, and is still receiving chemotherapy, with good clinical response (survival, eight months).
Clinical evaluation
At diagnosis, both patients were evaluated for the extent of lymphoma by physical examination, chest radiography, computed tomography of the thorax and abdomen, bone marrow aspiration and biopsy, lumbar puncture for spinal fluid, blood chemistry, and CD4 cell count. The lymphoma stage was assigned according to the Ann Arbor staging system. 31 Informed written consent was obtained from the patients, and tissue collection was approved by the institutional review board.
The two reported cases of KSHV/HHV-8 associated lymphoma occurring in HIV seronegative patients without serous effusions belonged to a series of KSHV/HHV-8 associated lymphoproliferative diseases referred to a single institution (Aviano Cancer Centre, Italy) where they were diagnosed and treated. Three other cases of KSHV/HHV-8 associated lymphoma developing in HIV seropositive patients without serous effusions belonged to the same institutional series. These three cases, together with case 1 reported here, were included in a previous study focusing on their relatedness to AIDS related PEL. 16 Case 1, in which the lymphoma developed in an HIV seronegative patient, was included mainly for epidemiological purposes. Within the series of KSHV/HHV-8 associated lymphoproliferative diseases there were also 15 PELs (13 in HIV seropositive and two in HIV seronegative patients). PEL cases were classified on the basis of the unusual clinicopathological and virological (for example, KSHV/HHV-8 positivity) characteristics of the lymphoma. Six of 15 PEL cases were included in a previous study based on the gene profiling expression analysis of AIDS related lymphomas. 32 
Analysis of viral infection
The lymph node samples from both cases presented here were investigated for tumour infection by KSHV/HHV-8 and Epstein-Barr virus (EBV).
The presence of KSHV/HHV-8 was ascertained by immunohistochemistry using a rat monoclonal antibody against the KSHV/HHV-8 latency associated nuclear antigen encoded by viral open reading fragment (ORF) 73 (Advanced Biotechnologies, Columbia, Maryland, USA). The cases were also tested for viral interleukin 6 (vIL-6), a KSHV/HHV-8 Positive controls for ORF73 consisted of KS biopsy samples, whereas positive controls for vIL-6 consisted of AIDS associated MCD biopsy samples. The presence of KSHV/HHV-8 was confirmed by polymerase chain reaction (PCR) analysis of three KSHV/HHV-8 regions (KS 233 , ORFK9-3, and ORF72) using previously reported primer sequences. 33 PCR analysis was performed on DNA isolated from formalin tissues using the Nucleospin tissue system (Macherey-Nagel GmbH and Co, Düren, Germany) according to the manufacturer's protocol, with minor modifications. Each PCR reaction used approximately 0.2 mg of genomic DNA, 100 pmol of each primer, 2 U Taq polymerase, 100mM of each dNTP, 1.5mM Tris hydrochloride (pH 9.0), and 0.1% Triton X-100 in a final volume of 50 ml. PCR amplification was carried out at 95˚C for six minutes (one cycle); 95˚C for 15 seconds, 60˚C for 15 seconds, and 72˚C for 30 seconds (35 cycles); and 72˚C for five minutes (one cycle). Amplification was performed with a GeneAmp PCR system 9600 (Perkin-Elmer, Norwalk, Connecticut, USA). PCR products were visualised on a 2% agarose gel containing ethidium bromide.
Infection by EBV was investigated by several approaches, including in situ hybridisation (ISH) and PCR. EBV encoded small non-coding RNA (EBER) ISH was performed on Bouin's or formalin fixed tissue sections, as described previously. 34 35 PCR analysis of EBV was performed with primers SL-1 and SL-3, representative of the EBV nuclear antigen 1 (EBNA-1) gene, as reported previously. 36 In the EBV positive case, immunostaining for latent membrane protein 1 (LMP1) was performed with an LMP1 specific antibody (Dako A/S, Glostrup, Denmark) and the alkaline phosphatase antialkaline phosphatase method. 37 KSHV/HHV-8 serology was performed by an immunoflorescence assay. 38 KSHV/HHV-8 quantitative PCR was performed on DNA extracted from plasma using the QiAmp Kit (Qiagen Gmbh, Hilden, Germany). Real time (TaqMan) PCR was used for the detection of the HHV-8 67 bp capsid protein gene, as described previously in detail. 38 EBV plasma DNA: a PCR assay based on LMP2A sequence amplification was performed as described previously. 39 Molecular analysis of clonality ISH was used to detect immunoglobulin light chain mRNA. The k and l light chain mRNA was detected in Bouin's fixed, paraffin wax embedded sections using a commercial kit (Dako A/S) under conditions recommended by the supplier. PCR analysis of immunoglobulin heavy chain (IgV H ) and light chain (IgV L ) and T cell receptor c chain gene rearrangements was carried out according to standard protocols as described previously. 16 Immunohistological studies Our study cases had been immunophenotyped as previously described 40 on paraffin wax embedded lymph node tissues, which were fixed in Bouin's solution or neutral buffered formalin. Plasma cell markers included MUM1/IRF4, 30 Vs38c, 41 and CD138. 42 A monoclonal antibody (Serotec, Oxford, UK) was used to test the expression of cytoplasmic IgG (CIgG).
To investigate further the phenotype of KSHV/HHV-8 associated ''solid'' lymphomas, we tested the expression of an additional panel of proteins that are specifically expressed by PEL tumour cells, as previously documented by gene expression profiling analysis. 32 Using this type of gene expression data, AIDS-PEL was assigned to a plasmablastic cell of origin. Those antigens for which antibodies suitable for paraffin wax embedded tissue sections were available were analysed by means of immunohistochemistry. The KSHV/ HHV-8 associated lymphomas were tested for the expression of the following proteins: granzyme A (GRA), aquaporin-3 (AQP3), selectin P ligand (SELPLG), and vascular endothelial growth factor (VEGF). They were investigated using commercially available antibodies (GRA, AQP3, SELPLG, and VEGF; Santa Cruz Biotechnology, Santa Cruz, California, USA). They were tested on paraffin wax embedded sections after antigen retrieval (30 minutes in EGTA solution in a microwave oven at 250 W) and immunostained on an automated immunostainer (Nexes). Negative controls were performed as described above.
RESULTS
Demonstration of KSHV/HHV-8 by immunohistochemistry and PCR
Immunohistochemistry for the KSHV/HHV-8 ORF73 protein revealed that this antigen was present in the nuclei of almost all of the tumour cells of both cases (figs 1, 2). In contrast, staining for vIL-6 was cytoplasmic. vIL-6 was detected on most tumour cells of case 2 (fig 2) , whereas it was restricted to a limited number of tumour cells in case 1 (not shown). On PCR analysis, bands compatible with KSHV/HHV-8 genomic sequences were detected in both cases (figs 1 and 2).
Histopathological analysis of the KSHV/HHV-8 associated lymphomas
In both cases the tumours showed predominantly lymph node involvement. Microscopically, the lymph nodes were infiltrated by diffusely growing large neoplastic cells, which displayed anaplastic features. In some areas of the lymph nodes, the neoplastic cells showed a distinctive sinusoid pattern of growth. In these areas, groups of large anaplastic cells were located essentially within the sinuses (fig 1) . The tumour cells were discohesive and had a moderate to abundant amount of cytoplasm. They showed striking variations in size and had more or less eccentrically placed, horse shoe-like nuclei. In case 2, multilobated nuclei and multinucleated giant cells were numerous (fig 2) .
Demonstration of EBV by ISH, immunohistochemistry, and PCR
Using EBER ISH, only one case (case 2) was positive for EBV (fig 2) . These results were confirmed by PCR analysis of the EBNA-1 region of EBV. EBV infection was not associated with LMP1 expression (table 2). Table 2 shows the results with regard to clonality. In both cases, ISH studies failed to detect monoclonality. Neither case yielded IgV H or IgV L rearrangement, although the cases were readily amplified with a control gene fragment of similar size. Analysis of T cell receptor c rearrangement was negative (not shown). Table 2 shows the results of the immunophenotypical analysis. Immunohistological analysis revealed that only case 2 was positive for CD45, whereas only case 1 displayed positivity for CD3 and CD30. The staining for all these markers was weak and restricted to a small proportion of tumour cells. CD3 was mainly localised in the cytoplasm. Conversely, both cases showed intense positive staining for the plasma cell associated markers CD138 and MUM1/IRF4 (table 2) . In particular, all tumour cells were strongly positive for MUM1/IRF4 (figs 1, 2) . Furthermore, several tumour cells were positive for CIgG (figs 1, 2) . Finally, in both cases a subset of cells was positive for CD43.
Molecular analysis of clonality
Immunophenotypical analysis
To investigate the tumour phenotype further, we tested the expression of an additional panel of proteins that are specifically expressed by PEL tumour cells. 32 Both cases displayed a profile that is clearly indistinguishable from that of PEL. In fact, both cases expressed GRA, AQP3, SELPLG, and VEGF (table 2) .
DISCUSSION
KSHV/HHV-8 associated lymphomas, which often develop in HIV infected patients with advanced AIDS, present predominantly as PEL 2 10 or, less frequently, as solid, extracavitary based lymphomas, associated with serous effusions. 2 8-10 Interestingly, KSHV/HHV-8 associated lymphomas that present as solid or extracavitary based lesions in HIV seropositive patients without serous effusions have been reported recently. 9 13-16 18-21 In our present report, we provide evidence of the existence of KSHV/HHV-8 associated solid, extracavitary based lymphomas in HIV seronegative patients without serous effusions. Characteristically, these lymphomas had a predilection for the lymph nodes and displayed anaplastic large cell morphology. Immunohistochemistry showed unequivocally that these tumours lacked epithelial and melanocytic cell markers. Based on the immunophenotypical results, there were difficulties in assigning a lymphoid lineage in these KSHV/HHV-8 associated lymphomas using common phenotypic markers (table 2) . However, although molecular studies failed to detect monoclonality, the presence of CIgG in these cases suggested that these tumours were related to cells of the plasma cell series. The detection of strong immunostaining with plasma cell reactive antibodies confirmed that these lymphomas were related to cells of the B cell system and had undergone plasmacellular differentiation.
Consistent with these results, these KSHV/HHV-8 associated solid lymphomas expressed a series of proteins that are specifically expressed by PEL tumour cells, confirming the phenotypic relatedness of these lymphomas to PEL. With regard to these features, it is important to note that previous gene expression data have suggested that the tumour cells of PEL are related to a mature B cell shifting towards terminal plasma cell differentiation. 32 ''Although molecular studies failed to detect monoclonality, the presence of cytoplasmic IgG in these cases suggested that these tumours were related to cells of the plasma cell series'' Both patients presented with diffuse lymphadenopathy and spleen involvement. However, virological features and clinical outcome were significantly different between the two patients. Patient 1 had more advanced stage and rapidly fatal disease in addition to the presence of haematological abnormalities and a high KSHV/HHV-8 viral load compared with patient 2. These data suggest a correlation between the evolution of clinical and virological events. It is noteworthy that a high HHV-8 viral load correlates with clinical exacerbation of MCD in HIV infected patients. 43 44 There are both similarities and important differences between KSHV associated germinotropic lymphoproliferative disorder and our present cases of lymphoma that harbour KSHV/HHV-8 in HIV seronegative patients. Germinotropic lymphoproliferative disorder occurs in immunocompetent HIV seronegative individuals without serous effusion, presents as localised lymphadenopathy, and shows a favourable response to treatment. This disorder is composed of plasmablasts with a pronounced tropism for the germinal centres of lymphoid follicles. In contrast, the lymphomas described here presented at an advanced stage of disease (stage III-IV), with generalised lymphadenopathy, and spleen involvement. One patient (case 1) also showed extranodal localisation. Microscopically, these lymphomas were characterised by large neoplastic cells, with anaplastic features, diffusely infiltrating the lymph nodes. A distinctive sinusoidal pattern of growth was also seen. Previous studies have shown that the biological and genetic features of KSHV/HHV-8 associated solid lymphomas closely mimic those of AIDS related PEL, suggesting that KSHV/HHV-8 associated solid lymphomas should be considered as a ''tissue based or extracavitary variant of classic PEL''. 16 17 Accordingly, the KSHV/HHV-8 associated lymph node based lymphomas in HIV seronegative patients described here may be part of the spectrum of HIV unrelated PEL, and may represent its solid lymphoma counterpart. These KSHV/HHV-8 associated solid lymphomas in HIV seronegative patients displaying a predilection for the lymph nodes and anaplastic large cell morphology are distinct clinical and pathological entities, although they share an identical biological base with classic PEL. However, because the large tumour cells showed an immunophenotypic profile of differentiated plasma cells with absent expression of B cell markers and strong reactivity for plasma cell associated antigens, such as CD38 and CD138, both the KSHV/HHV8 associated lymphomas may be classified within the heterogeneous group of diffuse large B cell lymphomas with plasmablastic differentiation. 45 In conclusion, our study expands the spectrum of KSHV/ HHV-8 associated lymphomas presenting primarily as solid or extracavitary based lesions, irrespective of HIV status. The awareness of the existence of this type of KSHV/HHV-8 associated lymphoma in HIV seronegative patients and the knowledge of its features should lead to the use of plasma cell reactive antibodies and antibodies to IgG chains when the common lymphoid markers are not demonstrable in an undifferentiated large cell tumour. In fact, in these cases, the negative immunostaining for CD20 and CD45 could erroneously exclude a lymphoma from the diagnostic alternatives.
It is evident that molecular diagnostic techniques, including analysis of viral infection and immunohistological studies, are of primary importance to define this lymph node based KSHV/HHV-8 associated lymphoma with anaplastic large cell morphology and plasmablastic immunophenotype occurring in HIV seronegative patients.
